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The exercise studies were performed by use of a bicycle ergometer (Godart) at a work rate of 110 w and pedaled at 45 to 50 revolutions/minute. Upright exercise was accomplished with the subject seated on the bicycle. The supine studies were done with the same ergometer tilted and secured so that the subject could pedal comfortably and efficiently from the supine position. The subjects breathed air from a 120-liter recording Tissot spirometer through a Hans-Rudolf valve. Minute ventilation was monitored continuously during rest and exercise. A sample of the expired gas was pumped from a mixing chamber to a paramagnetic oxygen analyzer (Beckman, Model E-2). The 90% response time of this system was 30 seconds. Oxygen consumption was calculated from the ventilation and corresponding expired oxygen concentrations after lag time corrections as previously described in detail.9 Minute ventilation was corrected to STPD (standard temperature, pressure, dry). The respiratory quotient (RQ) was assumed to be 1.0. Variations in RQ from 1.0 introduced negligible errors in calculated oxygen uptake under the conditions of this experiment. In each instance oxygen uptake was calculated after 2 to 3 minutes of exercise.
Breath-holding pulmonary diffusing capacity (DL,O ) was measured in duplicate by the Krogh breath-holding technique as modified by Forster and co-workers10 11 and as previously reported from this laboratory using a gas chromatograph.4 6 The gas mixture used contained 0.5% CO, 1.0% neon, and 21% 02 in nitrogen. By this method, determinations of DL00 on the same or different days were reproducible to within 1.8 +± 0.9 ml/min x mm Hg. A correction for capillary CO tension in equilibrium with small amounts of carboxyhemoglobin present in the blood was made as previously described.10 DL.0 was measured with the patient both sitting and supine, at rest and with exercise. Each subject served as his own control in the two positions.
PULMONARY CAPILLARY BED CHANGES
During exercise, DL,0 was measured 2 to 3 minutes after the onset of exercise. In 16 subjects, DL,0 was also measured during the first 10 seconds of the exercise period. This measurement was begun immediately with the onset of exercise, inspiration for DLCO commencing with the first stroke of leg motion.
Six subjects received trimethaphan camphorsulfonate (Arfonad) administered by intravenous drip. All studies with Arfonad were done with the subject supine. Heart rate was recorded electronically, and arterial blood pressure was monitored via an indwelling arterial needle, P23D Statham transducer, and a photographic recording system. Arfonad was infused initially at a rate of 2 mg/min and then increased until there was an observable effect on blood pressure. The presence of Arfonad and the degree of its effect were tested in each subject by observing the decrease in systolic blood pressure and the increase in heart rate during the infusion. The effect of this drug was further tested by recording the blood pressure during and after a 20-second sustained Valsalva maneuver performed by blowing against a 40-mm column of mercury. After Arfonad, the decrease in blood pressure was much greater during the forced expiratory effort and the normal post-Valsalva overshoot was absent. This was taken as evidence of sympathetic blockade. The infusion was continued at the rate established (approximately 2 mg/min) throughout the period of rest and exercise for measurement of diffusing capacity and oxygen consumption as previously described. On one occasion when a larger dose of Arfonad was administered, the subject became unconscious and convulsed during the Valsalva maneuver.
Paired comparison t-tests, with each subject serving as his own control, were used to calculate the probability values expressed in the tables.12
Results
The pulmonary diffusing capacity in the supine patient was greater than while sitting, 37 ± 8 and 33 ± 7 ml/min x mm Hg, respectively (P = 0.01, table 1). Following active exercise (2 to 3 minutes), oxygen consumption and DLCO (table 1) did not vary significantly in the two positions. The increase in DL,O during exercise, then, was different for the two positions; 10 ±2 ml/min x mm Hg, supine, and 13 + 2 ml/min x mm Hg, sitting.
The 0 to 10-second DL,0 rise was significant in both seated and supine positions, but was less in the supine position (3.2 and 1.9 ml/min x mm Hg, respectively; P =0.01), although the absolute 0 to 10-second DL,0 was not significantly different in both positions (table   2) .
Pulmonary diffusing capacity at rest was less in supine subjects during Arfonad infusion (table 3) . This same difference remained following exercise (table 3) . The oxygen consumption with exercise before and during Table 1 Pulmonary Diffusing Capacity (DL,0) (ml/min X mm Hg) and Oxygen Uptake (ml/min) in tSupine and seated differences.
::Seated at rest and on exercise differences.
§Supine at rest and on exercise differences. under all of these conditions is small; yet moderate exercise which causes a negligible rise in mean pulmonary artery pressure will increase DL,0 to a range much greater than that which has been brought about by any other means. Therefore, factors other than pressure-volume relationships must also be operative on the pulmonary capillary bed during exercise.
The pulmonary diffusing capacity increases immediately after the onset of exercise, but the increase is small in relation to the total increase caused by exercise.2 This early DLco rise in exercise is probably volume dependent and appears to be related to factors which shift blood centrally into the pulmonary vasculature. Indeed, Guyton and co-workers22 have demonstrated an instantaneous increase in the mean circulatory pressure as exercise begins that does supply more blood to the central reservoir. In the present study, the immediate increase in DL,0 is appreciably blunted during supine exercise, yet the final DLco level reached during exercise seems to be independent of posture. This observation suggests that the initial DL,0 increase is dependent upon a rapidly occurring increase in blood available for pulmonary capillary filling. The change from sitting to supine posture, however, probably produces a shift of volume similar to that which occurs with the onset of exercise. Consequently, the initial DL0O increase observed in upright subjects is attenuated or absent in supine subjects. Since the perfusion of the upper zones is affected most by postural changes, these areas probably have greatest potentiality for accepting the increased pulmonary capillary volume observed when DL00 is increased by shifts of volume in upright subjects. Once the initial pulmonary vascular engorgement has taken place, the continuing rise in DL,o appears to be dependent upon mechanisms other than passive congestion of the pulmonary vascular bed. Our exercising subjects attained the same DL00 level after 2 to 3 minutes of exercise regardless of whether they were upright or supine. increase during exercise can occur independently of the activity of the sympathetic nervous system. Two alternative explanations merit consideration. One involves the reaction rate of CO with the various ligands of hemoglobin. This problem remains unanswered at this time, and in vitro work on the kinetics of gas transport in the blood during exercise needs to be done.
However, based upon physical chemical considerations, one would not expect a change in the CO-hemoglobin reaction behavior of a magnitude sufficient to explain the exercise effect on DLCO. The other involves an observation made in this laboratory2 which demonstrated that a significantly greater increase in DL,0 may be achieved 3 minutes after exercise with pressure-suit inflation than was possible before exercise with the pressure-suit inflated to the same pressure. This suggested that a permissive effect on the pulmonary vascular bed had occurred during exercise and persisted for a short time after exercise.
Summary
The reactivity of the pulmonary capillary bed during exercise as estimated by change in the pulmonary diffusing capacity (DL,O ) has been shown to be dependent upon at least two separate mechanisms. The initial (0 to 10 second) DL,0 rise with exercise appears to be volume-pressure dependent and may be altered by mechanisms influencing these factors in the lungs. The later elevation of DL., with exercise was demonstrated to be primarily independent of the initial rise and uninfluenced by factors affecting peripheral venous return, that is body position and ganglionic blockade.
